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The thoracic diaphragm is the principal
muscle of inspiration and is present only in
placentalia. Its dome-shaped musculo-fibrous
septum separates the thorax from the abdom-
inal cavity.
The peripheral part of the diaphragm con..
sists of muscular fibres which originate from
the circumference of the thoracic outlet and
converge to insert into a central tendon. The
muscular fibres may be grouped, according
to their origins, into three parts: lumbar,
costal and sternal.
The lumbar origin is by two strong tendons
or crura which are continuous with the an..
terior longitudinal ligament of the vertebral
column .. The large right crus arises from the
anterior surfaces of the borders and inter..
vertebral discs of the first three lumbar ver..
tebrae; the left crus arises from the corre-
sponding parts of the upper two lumbar ver-
tebrae only. The medial tendinous margins
of the crura meet to form an arch across the
front of the aorta, the median arcuate riga-
ment. Lateral to the crura 011 each side, the
diaphragm arises from two aponeurotic
arches, the medial and lateral arcuate liga-
ments. The medial arcuate ligament is a
thickening of the fascia of Psoas Major and
extends from the side of the first or second
lumbar vertebra to the anterior surface of
the transverse process of the first lumbar ver-
tebra. From this attachment, the lateral arcu-
ate ligament, which is a thickening of the
fascia covering the Quadratus Lumborum,
extends laterally to the lower margin of the
twelfth rib~ Further laterally, a digitation
comes from the tip of the twelfth rib.
The costal origin is from the inner sur-
faces of the costal cartilages and adjacent
portions of the lower six ribs, interdigitating
with the slips of the Transversus Abdominis.
The sternal origin is by two fleshy slips
from the back of the xiphoid process. These
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are the shortest fibres of the diaphragm; the
longest fibres are those which arise from the
ninth costal cartilage.
From this peripheral origin, the muscular
fibres converge to he inserted into the cen..
tral tendon of the diaphragm..
The central tendon is a thin hut strong
aponeurosis of closely interlaced fibres situ..
ated near the vault formed by the muscle, but
closer to the front than to the back of the
thorax. It is placed immediately below the
fibrous pericardium with which it is partially
blended. It is shaped like a trefoil leaf with
the three leaflets separated from one another
by slight indentations. The middle leaflet is
directed towards the xiphoid process; the
right and left leaflets curve laterally and
backwards.
There are three main orifices in the dia-
phragm:
1. The aortic arch opposite the twelfth
thoracic vertebra between the overlapping
right and left crural fibres. It transmits the
aorta with the azygos vein and the thoracic
duct to its right.
2. The oesophageal hiatus opposite the
tenth thoracic vertebra 2 to 3 em. left of the
midline. It lies in the fibres of the left crus
hut a sling of fibres from the right crus pass
011 the abdominal surface of these to loop
around it. Fibrous tissue of the phreno-oes-
ophageal ligament extends upwards from the
sling into the opening to be attached to the
wall of the oesophagus about 2 em. above the
gastro-oesophageal j unction. This ligament
limits upward displacement of the oeso-
phagus.
The hiatu8 transmits the oesophagus, the
gastric nerves and the oesophageal branches
of the left gastric artery, veins and lympha..
tics.
3. The caval foramen, within the central
tendon, opposite the eighth thoracic vertebra
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and just to the right of the midline. It
transmits the inferior vena cava and the right
phrenic nerve.
Two lesser apertures in each crus transmit
the greater and lesser splanchnic nerves. The
sympathetic trunk passes behind the medial
arcuate ligament and the subcostal nerve and
vessels behind the lateral arcuate ligament.
The left phrenic nerve pierces the left dome
of the diaphragm. Superior epigastric vessels
pass through an area of alveolar tissue be-
tween the xiphisternal and costal fibres.
For many years students have been taught
that: "C3, 4 and 5 keep the diaphragm
alive". Last (1974), however, states that the
phrenic supply on the abdominal surface is
overwhelmingly C4. Proprioceptive fibres pass
to the periphery of the muscle from the lower
six or seven intercostal nerves.
DIAPHRAGMATIC FUNCTION
The diaphragm is the principal muscle of
respiration. During inspiration, the fihres
contract and the domes descend, increasing
the vertical diameter of the thorax. Depres-
sion of the central tendon is checked hy the
mediastinal contents as they are stretched
and by the resistance offered hy the abdom-
inal organs. The central tendon then becomes
a fixed point. Further contraction of the
muscle fibres, acting from the periphery of
the central tendon, everts the lower ribs to
increase the transverse diameter of the lower
thorax.
In the inspiratory phase, the abdominal
muscles act as a girdle. Without them, the
abdominal contents would be displaced an..
t~riorly and inferiorly and the central tendon
would not he stabilised to allow the diaphragm
to elevate the lower ribs. This antagonistic-
synergistic action of the abdominal muscles
is essential for the efficiency of the diaphragm.
During expiration, the ascent of the dia..
phragm is a purely passive phenomenon be-
ing produced by the elastic recoil of the in-
flated lungs and the tone of the abdominal
muscles.
The respective roles of the diaphragm and
the ahdominal muscles are therefore in a
floating equilihrium. These roles are con..
stantly moving in hoth directions, the basis
of the antagonism - synergism of these
muscles. During inspiration, the tonus of the
diaphragm increases while that of the ab-
dominal muscles decreases. The reverse pro-
cess occurs during expiration.
In expiration, in the erect position, con-
traction of the abdominal muscles increases
the intra-abdominal pressure pushing the vis..
cera upwards and raising the central tendon.
In the supine position, elevation of the dia..
phragm is entirely passive as the weight of
the abdominal viscera pushes the relaxed
muscle into the thorax. In forced expiration,
upward excursion of the diaphragm occurs
with an energy directly proportional to the
increased contraction of the abdominal walL
Wade (1954) has stated that both leaves
of the diaphragm move approximately equally
through a range of about 2 em. during quiet
breathing. In deep respiration, the maximum
movement may range from 7 to 10 em.
At the end of a normal expiration, the
upper limit of the dome of the right hemi-
diaphragm is at the level of the fifth rib and
that of the left herni-diaphragm is at the level
of the fifth interspace.
The height of the diaphragm varies con-
siderably with the position of the hody. In
a healthy subject, a change from the erect
to the supine position may raise the resting
level of the diaphragm by as much as 6 em.
Inspiration is made more difficult and the
tidal volume is displaced upwards at the ex-
pense of the inspiratory reserve volume. In
a side-lying position, the lower hemi-dia-
phragm rises further with a subsequent de-
crease in efficiency of the lower lung.
Wade has estimated that the average dis-
placement of the diaphragmatic dome during
a test of the vital capacity is about 9.5 em.
Campbell et al. (1970) and Marazzini and
Rizzalo (1971) estimate that the average
volume contrihution of the diaphragm to
the vital capacity is about 67%.
According to Wang and Josenhans (1971),
lung volumes in professional singers and wind
instrument players are similar to those in the
general population hut a larger vital capacity
is reported with these subjects. The diaphragm
is relaxed during phonation, singing and the
playing of wind instruments hut probably
contracts more intensively during the inspir-
ation preceding such activities.
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ELECTRICAL ACTIVITY
Campbell et al. (op. cit.) and Petit et al.
(1960) have found that electrical activity in-
creases progressively throughout inspiration
and decreases in the early part of expiration
to become non-existent at about half the ex-
piration tilne. During the latter phase of ex..
piration, the diaphragm is relaxed even in
the horizontal position despite its marked
distension.
Campbell states that the stretch reflex in
the diaphragm is \veak due to the paucity of
muscle spindles. He describes some activity
during the strong expiratory efforts of par-
turition, defaecation and vomiting.. Murphy
et at.. (1959), however, deny activity in the
diaphragm during forced expiration.
During breath-holding, the activity of the
diaphragm is at first absent. Discharges then
take place at progressively higher rates up to
the breaking point. Activity is attributed to
ineffectual respiratory efforts.
PARALYSIS OF THE DIAPHRAGM
Cherniack et al. (1972) state that paralysis
of a hemi-diaphragm, provided there are no
adhesions, raises the muscle 3 to 10 em. higher
than the herni-diaphragm on the non-para..
lysed side. When paralysed, the hemi-dia-
phragm is practically motionless during quiet
breathing. Paradoxical movement upward
during deep inspiration has heen observed.
Inspiratory elevation of the ribs lowers the
pressure and this has a sucking effect on the
diaphragm.. In addition, the inspiratory de·
scent of the normal diaphragm increases the
intra-abdominal pressure which is trans..
mitted through the abdominal viscera to the
undersurface of the paralysed diaphragm.
Fackler et al. (1967) have reported a sig-
nificant reduction in vital capacity following
unilateral phrenicectomy with the mean V.C.
returning to pre..operative values after 6
months.
Following bilateral paralysis, McCredie et
al. (1962) have reported a marked diminu-
tion of the vital capacity and an increase of
residual volume. In the recumbent position
the vital capacity is further reduced. Marked
orthopnoea results from the mechanical in..
efficiency of the paralysed diaphragm as a
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muscle of inspiration against the increased
pressure of the abdominal contents in this
position" A maldistribution of inspired air
and altered ventilation..perfusion ratios may
result in hypoxaemia.
ADDITIONAL FUNCTIONS
OF THE DIAPHRAGM
Apart from its function in normal breath-
ing, contraction of the diaphragm pulls the
caval orifice in the central tendon widely open.
Venous return via the inferior vena cava is
assisted" The oesophageal orifice is held
closed by the pinch..cock contraction of the
muscle sling from the right crus to discourage
regurgitation of stomach contents.. The aortic
opening is unaffected as it is not within the
diaphragm.
The thoracic diaphragm plays an impor-
tant role in dynamic loading of the vertebral
column. When large forces are applied to the
spine (for exampte, if a heavy weight is
lifted), there is contraction of the trunk
muscles, intercostals, abdominal muscles and
the diaphragm. Inspiration and the action of
the intercostals increase the intra-thoracic
pressure: the thoracic cage and spine, to..
gether with the pneumatic chamber of the
thoracic cavity, form a sturdy unit capable
of transmitting large forces. By the contrac-
tion of the diaphragm and the antero-lateral
ahdominal muscles, the abdominal contents
are compressed into a semi-rigid, hydraulic
chamber. These increases in intercavitary
pressures aid in support of the spine. Morris
et al. (1961) have estimated that, by the con-
tribution of the trunk compartments to the
support of the spine, actual forces are con..
siderably reduced. The force on the lumbo..
sacral disc is reduced by approximately 30%
and the force on the lower thoracic portion
of the spine by 50%.
The diaphragm plays an active role in
coughing. During inspiration, as the thoracic
cavity becomes a pneumatic chamber, the dia..
phragm descends and then fixes. It remains
fixed in this low position as long as the
glottis is closed because the elevation of both
intra-pulmonary and intra-abdominal pres-
sures is approximately equaL When the glot-
tis opens during the expulsive phase, the
intra-puln1onary pressure falls and the dia..
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phragm sharply ascends because greatly in-
creased intra-abdominal pressure is produced
by the violently contracting abdominal mus...
cles. Following abdominal surgery, the value
of supporting abdominal Inuscles to facilitate
adequate coughing is readily apparent.
By their contraction, the abdominal muscles
thus act as the protagonist as the diaphragm
(the antagonist) is flung upwards. Cherniack
(op. cit.) states that the diaphragm regulates
the expulsive force of the cough by control-
ling the upward push of the abdominal vis..
cera.
Last (op. cit.) states that during pelvic
evacuation (defaecation, micturition, partur-
ition), diaphragmatic contraction aids that of
the ahdominal wall in raising intra-abdominal
pressure. For maximum pressure, a deep
breath is held by the closed glottis and the
diaphragm is prevented from elevation by
being pressed up against a cushion of com-
pressed air. Forcible escape of some of this
air causes the characteristic grunt. Relaxation
of the pelvic diaphragm allows pelvic evacu..
aLion.
If the pelvic diaphragm is weak, pelvic
evacuation may also occur during coughing.
Pelvic floor exercises are therefore important
to prevent this pressure release.
CONSIDERATION OF SOME SPECIFIC
CONDITIONS
Chronic Obstructive Pulmonary Disease
Campbell and Cherniack have ohserved
that the flattened diaphragm seen in patients
with chronic obstructive pulmonary disease
presents several problems. Not only is reduced
vertical excursion a disability but there is
actually a narrowing of the transverse dia-
meter of the lower thorax as the muscle con-
tracts.
Ishikawa and Hayes (1973) have found
that the diaphragm of patients with severe
chronic obstructive pulmonary disease was
hypertrophied at autopsy. They attribute this
to the fact that the fibres are under constant
stimulus to contract although their efficiency
is poor. This finding is in contrast to that of
Mackintosh (1969) who states that a reduced
vertical movement of the diaphragm in these
patients leads to a disuse atrophy.
During an attack of bronchial asthma, Ma..
razzini and Rizzalo (0p. cit.) have observed
that the diaphragm is flattened and reduced in
mobility. Displacement of air is accomplished
mainly by the intercostal and accessory mus-
cles.. Contribution of the diaphragm to the
vital capacity is as low as 410% in these
subjects.
Zanca (1970) has described the average
excursIon of the diaphragm in specific lung
conditions. Markedly reduced excursion to
3.0 em. in forced expiration may occur in
severe emphysema. Patients \\Tith asthma and
hronchitis have shown reduced excursion to
a n1ean value of 5.0 em.. in forced expiration.
Cardiomegaly
Ishikawa and Hayes have described increas..
ed muscle mass of the diaphragm in extreme
cardiomegaly. They attribute this finding to
the fact that the muscle has to exert extra
\vork to elevate the heavy object resting on it.
Ankylosing Spondylitis
Josenhans et al. (1971) have found that as
fixation of the thorax and atrophy of the rib
muscles occur~ the vital capacity is reduced
and diaphragmatic contribution to ventilation
is increased. Diaphragmatic contribution to
ventilation has been estimated as high as
87% in these subjects.
Hemiparesis
Korczyn, Hermann and Don (1969) have
observed that the left diaphragm is involved
in left hemiplegia much more frequently than
the right diaphragm in right hemiplegia. This
may be due to asymmetry of representation.
They state that the left diaphragm is repre-
sented mainly in the right motor cortex; the
right herni-diaphragm derives corticospinal
efferents from both hemispheres of the brain.
Obesity
According to Mackintosh (0p. cit.), heavy
adipose tissue in the abdomen and in the ab-
dominal walls, together with fatty infiltration
of the diaphragm, reduces the vital capacity
and hinders respiratory excursions of the
muscle.
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Surgical Problems
Cherniack (op. cit.) and Mackintosh (op.
cit.) have stated that abdominal neoplasms
may produce a cephalad displacement of the
diaphragm and interfere with its function.
Elevation and limitation in motion may also
occur in subphrenic abscess, hepatitis and
after abdominal surgery. Respiratory com..
pliance may be reduced particularly if other
thoracic muscles restrict distension because
of pain. Tussive insufficiency may then de-
velop predisposing the subject to atelectasis
or pneumonia.
SUMMARY
The anatomy of the thoracic diaphragm has heen
considered together with its general function in
respiration and lidditional functions in coughing and
pelvic evacuation.
The diaphragm has been described as the main
muscle of inspiration. It has heen shown that ex-
piration is a passive phenomenon although authors
have cliffered in their views concerning activity in
the diaphragm during a forced expiration.
Contribution of the diaphragm to vital capacity
has been estimated at about 67% in the healthy
subject.
Paralysis of one or both halves of the diaphragm
has heen shown to have a marked effect on ven-
tilation and on vital capacity. Specific conditions
including chronic obstructive pulmonary disease,
ankylosing spondylitis, obesity and surgical prob-
lems have also been shown to affect the normal
function of the diaphragm.
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